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Remarks 

The Office Action mailed March 27. 2003 has been received and revie%ved. 
Claims 2\,26, 31, 32, 34, 35, 38, and 41 having been amended, claims 18-20 and 28-30 having 
been cancelled, and claims 44 and 45 having been added, the pending claims are claims 21-27 
and 3 1 -45. Reconsideration and withdrawal of the rejections are respcctfiiUy requested. 

Support for the amended claims is found throaghout the specification. For 
example, support for the recitation " gastrointestinal alimentary tracf* in amended claims 21,31, 
32, 34, 35, 38 and 41 is found at p. 5, line 12 of the specification; support for the rcciiation 
"suffering from a gastrointestinal disorder" in amended claims 21, 34, and 35 is found at p- 2, 
line 5 of the specification; and support for the recitation "enteric nervous disorder" in amended 
claims 38 and 41 is found at page 2, line 3 of the specification. 

Page 2, line 14, of the specification has been amended to replace the abbreviation 
"SP" wiOi the recitation "substance P," the complete terminology for the abbreviation SP . No 
new matter has been added with this amendment to the specification. 



Examiner Interview 

A telephonic interview was held June 27, 2003 between Examiner Joseph 
Woitach and Applicants' Representative Nancy Johnson. In this interview the outstanding 
Election of Species Requirement and the rejections under 35 U.S.C. §112, first paragraph, and 
35 U.S.C. §102 were discussed. The Examiner is thanked for the courtesy of this interview. 



Election/Rcstrictioii 

Applicants continue to traverse the Election of Species Requirement, mailed May 
1, 2002- Further, Applicants request clarification as lo the scope of the claims currently under 
examination. 

The Examiner issued a Resliiction Requirement under 35 U.S.C. 1 21 on May 1 , 
2002, grouping the claims as follows: Group I, claims 1-16, drawn to a method of treating a 
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disorder comprising implanting stem cells, progeny thereof or combinations thereof, into the 
gastrointestinal organ of a subject; and Group II, claims 17-20, drawn to a method of prodacing 
insulin in a subject comprising implanting stem cells, progeny thereof or combinations thereof, 
into the gastrointestinal organ of a subject In the Response to this Restriction Requirement, 
mailed May 22, 2002, Applicants elected Group I, claims 1-1 6, with traverse. In the Office 
Action mailed August 13, 2002, upon review and reconsideration, the Examiner withdrew the 
restriction requirement between Groups I and n and all original claims, claims 1 -20, were 
examined on the merits. Applicants note with appreciation the withdrawal of this Restriction 
Requirement Applicants submit thai original claims 1-20 were all drawn to methods comprising 
the overall method step of implanting isolated stem cells, progeny thereof, or combinations 
thereof into a gastrointestinal organ of a subject. Further, Applicants submit that all currently 
pending claims are drawn to methods comprising the same overall method step of implanting 
stem cells, progeny thereof, or combinations thereof into the gastrointestinal alimentary tract of a 
subject. Thus, Applicants respectfully submit that all pending method claims are in the same 
Group as the claims as originally presented and searched and examined by the Examiner (see 
MPEP 818.02(a)), 

Tlic Restriction Requirement mailed May I, 2002, also included an Election of 
Species Requirement. According to the Examiner, Group I was drawn to scvcra] specific 
disorders and Applicants were required under 35 U.S.C. 121 to elect a single disclosed species 
from the group of: (1 ) a degenerative disorder; (2) an immunological/inflammatory disorder; (3) 
a neoplastic disorder; or (4) an idiopathic condition, as set forth in original claim 16. In the 
Response to this Reslriction Requirement, mailed May 22, 2002. Applicants elected species (1), 
a degenerative disorder, with traverse. 

Applicants submit that pending claims 21-45 are generic claims and contain no 
recitations directed at the elected species (a degenerative disorder) or any non-elected species. 
Thus, Applicants request clarification of the following statements by the Examiner in the most 
recent Office Action: 
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(1) "Newly added claims 21-34 are drawn to a method of repopulating cells . . . 
and are broader than the original claims for treating a degenerative disorder" (page 2 of the 
Office Action mailed March 27, 2003); 

(2) "[CJlaims 21-34 . . . will be examined to the extent they encompass the 
elected invention of a method for the treatment of a degenerative disorder*' (page 3 of the Office 
Action mailed March 27, 2003 (emphasis added)). Applicants note that this statement is 
incorrect, a degenerative disorder is the elected species, not the elected invention, 

(3) "[C]laims 35-40 are drawn to a method of providing a neurotransmitter . . . 
and claims 41-43 are drawn to method of treating a disorder of the enteric nervous system, and 
though no specific degenerative disorder is set forth . . . they will be examined to the extent they 
encompass the elected invention of a method for the treatment of a degenerative disorder" (page 
3 of the Office Action mailed March 27, 2003 (emphasis added)). Applicants again note that 
this statement is incorrect, a degenerative disorder is the elected species, not the elected 
invention-y 

(4) "[CJlauns 4M3 will be examined to the extent tliat implanting cells into the 
intestine will treat an degenerative disorder, in particular where the celh provide nitric oxide 
(claim 42)" (page 3 of the Office Action mailed March 27, 2003 (emphasis added)). With this 
statement is the Examiner implying that tlie examination of claims 41-43 has been limited to the 
scope of language recited in dependent claim 42, language that has never been the subject of a 
restriction/election requirement; and 

(5) "Claims 18^3 arc pending and currently under examination as they are 
drawn to the elected invention of a method for treating a degenerative disorder" (page 4 of the 
Office Action mailed March 27, 2003), Applicants again note that this statement is incorrect, a 
degenerative disorder is the elected species, not the elected invention, 

AppUcants respectfully request clarification of the election of species requirement 
and of ihc scope of claims as examined by the Examiner. Applicants further note that the 
Examiner's statements as to the scope of the claims under examination are not supported by the 



Received from < 6123051228 > at 7/25103 3:27:57 PM [Eastern Daylight Time] 



07/25/2003 14:30 FAI 6123051228 



MUETING RAASCH GEBHARDT 



121010 



Amendment and Respooitr Lodcr 37 CF.R. §1.116- Expedited EHroining Procedure Page 8 of 1 6 

Serial No.: 09/834,110 
ConfirmfltionNo.: 5306 
FUed: April 12, 2001 

For TREA-mENT OF DISORDERS BY TMPLANTING STEM CEU-S AND/OR PROGENY THEREOF INTO 
GASTROINTESTINAL ORGANS ^ 

rejection of the claims under 35 U.S.C. §102(b), as anticipated by Luc et al- (claims 21, 22, 28. 
2% and 32) or KeUcr et al. (claims 21, 22, 25, 26, 30, 31, and 32). Both Luo et al. and Kellor et 
aJ. are drawn to the treatment of healthy host animals by the transplantation of intact organs. 
Neither Luo et al. nor Keller et aL teach the treatment of the elected species, a degenerative 
disorder, or Ihe treatment of any type of disorder what-so-cvcr. Thus, ihe Examiner's search and 
examination of the claims has not been limited to the elected species, a degenerative disorder. 
The Examiner has searched and examined the pending claims gcncrically, as a method 
comprising the step of implanting stem cells- 
Applicants respectfully submit that pending claims 21-27 and 31^5 are in the 
same restriction group (drawn to methods comprising implanting stem cells, progemy thereof, or 
combinations thereof into the gastrointestinal alimentary tract of a subject) as originally 
presented claims 1 -20, and they have been searched and examined by the Examiner in the Office 
Action mailed August 13, 2002, 

Claim Objectifin 

The Examiner objected to claims 21-26 and 28-43 because of the following 
informalities: "[t]he election of species was made to a degenerative disorder, however the claims 
broadly encompass any disorder. The claims should be amended to reflect the elected invention" 
(page 5 of Office action mailed March 27. 2003). This objection is respectfully traversed. 
Applicants respectfully note that, according to MPEP § 809.02(a), Applicants' claims will be 
limited lo a single, elected species only if no generic claim is fmally held allowable. Thus, it is 
inappropriate, at this time, to require amendment of the claims, including generic claims, to limit 
the claims to ihe elected species only. Withdrawal of this objection of the claims is respectfully 
requested. 
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The 35 U.S.C. SI 12. First Paragraph, New Matter Rejection 

The Examiner rejected claim 37 under 35 U.S C. §112, first paragraph, as 
containing subject matter which was not described in the specification in such a way as lo 
reasonably convey to one skilled in the rclevanL an that the inventor(s), at the time the 
application was filed, had possession of the claimed invention. This rejection is respectfully 
traversed - 

The Examiner asserted that the recitation "substance P" in amended claim 37 
introduces new matter. Specifically, the Exammer asserted thai "literal support for the term 
'substance P' is found in the specification at page 1 1, lines 10-11, however, this portion of the 
specification describes antibodies ... for staining cells. The specification does not support 
providing the specific neurotransmitter 'substance F by transplanting cells for any reason or in 
any context of treatment" (page 6 of Office Action mailed March 27, 2003). 

Applicants respectfully disagree. The specification states on page 3, lines 1 3-20, 
"[sjpccifically, the present invention provides a method of implanting (e,g., transplantation) of 
stem cells . . . into a gastrointestinal organ . . . for the purposes of repopulating various cellular 
components . . . and/or providing a source of biological materials (e,g,, neurotransmitters . - - ) 
for therapeutic intent" Page 2, line 14, of tlie specification lists substance P (referred to by the 
abbreviation 'S?') as one of the neurotransmitters of the gastrointestinal tract. And, page 10, line 
29, thixjugh page 1 1 , line 1 1 , of the specification states "[sliirvival of the graA in the living host 

can be examined using various methods Cells can be stained with any stains visible under 

light or electron microscopic conditions - . > . Most preferable are antibodies that identify any 
neurotransinitters, particularly those directed to GABA, TH, ChAT, and substance P." Thus, the 
specification provides clear support for methods of transplanting cells for the therapeutic intent 
of providing neurotransmitters, including the neurotransmitter substance P. Reconsideration and 
withdrawal of this rejection imdcr 35 U.S.C. §1 12, first paragraph, is respectfully requested. 
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The 35 U>S.C> SI 12, First Paragraph. Enablement Repection 

The Examiner rejected claims 18-20 and21-43 under35 U.S.C. §112, first 
paragraph, as containing subject matter which was not described in the specification in such a 
way as to enable one skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and/or use the invention. This rejection is respectfully traversed. 

Specifically, the Examiner asserted that the specification "provides no means to 
avoid the host's immune system which is a major source for graft rejection in 
xenotransplantation. Further, the evidence provided in the declaration does not address the 
problems of xenotransplantation" (page S of Office Action mailed March 27, 2003). Applicants 
respectfully disagree. 

first. Applicants submit iLat the present specification exemplifies the successM 
xenogeneic transplantation of rat neural stem cells into the gastrointestinal wall of mice. See the 
Examples, page 13, lines 12-30, page 14, lines 8-12 and Figure 4, 

Second, Applicants submit that the methods of the claimed invention are not 
limited to xenogenic transplantation. The specification teaches thai stem cells can be obtained 
from the tissues of "a wide vanety of animals, such as insects, fish, reptiles, birds, amphibians, 
mammals, and the like. The preferred source is mammals, preferably rodents and primates, and 
most preferably mice and humans" (p, 8, lines 4-7 of the specification). 

Third, unfortunately, the purpose of evidence presented in paragraphs 5-8 and 
Exhibits A and B of the Declaration under 37 C.F.R. § 1. 132 of Pankaj Jay Pasricha and Maria- 
Adelaide Micci (a copy of which was submitted with Applicants' previous response mailed 
January 3, 2003) has not been fully appreciated. While paragraph 5 of this Declaration begins 
with the statement "[t]o overcome the issues related to xenotransplantation/' the information of 
paragraphs 5-8 and Exhibits A and B of the Declaration under 37 C.F.R. § 1.132 of Pankaj Jay 
Pa5richa and Maria- Adelaide Micci was not submitted as an additional working example of 
xenogenic transplantation. Rather, this information of the successful isolation and implantation 
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of murine neural stem cells into a mouse, was presented as evidence of the successful application 
of the claimed method with non-xenogenic transplantation. 

Finally, the specification (sec p, 1 0, lines 3-1 8) provides clear teachings of the 
various methods of immimosupprcssion that can be used to reduce or eliminate the immune 
response that might occur with the implantation of stem cells into a Siubject. Such methods are 
well known to the skilled artisan and include the use of immunosuppressive drugs, such as 
cyclosporine, or the use of locally applied immunosuppressants. As an alternative to 
immunosuppression techniques, gene replacement or gene knockout methods can be applied to 
stem cells, to eliminate the need to immunosuppress the recipient. Applicants direct the 
Examiner to Low et al., "Immunobiology of Neural Xenotransplantation," in Neural 
Transplantation Methods Edited by Dunneti, Boullon and Baker; Humana Press 2000:503-541 (a 
copy of which is provided as Exhibit A) for a more complete discussion of immunosuppressive 
agents and therapies that are particularly applicable to neural xenotransplantation. Applicants 
further submit that Luo et al. (Xenotransplantation 1998 Aug;5(3): 197-206), cited by the 
Examiner in the rejection of claims 21, 22, 28, 29, and 32 under 35 U.S.C. §102 teaches 
successful liver allotransplantation and xenotransplantation. 

Thus, Applicants submit that the specification provides adequate teachings of 
various methods of immimosuppression. Applicants further submit that such methods are well 
known to the skilled artisan. Reconsideration and withdrawal of this rejection of the claims 
under 35 U.S.C. § 1 1 2, first paragraph, is respectfully requested. 

On page 10 of tlie Office Action mailed March 27, 2003, the Examiner asserted 
that claims 21-41 "are only considered to the extent that they encompass the elected invention of 
treating a degenerative disorder (emphasis added). As presented in the "Election/Restriction" 
section above. Applicants respectfully submit that this is incorrect. A degenerative disorder is 
the elected species, not the elected invention^ and the Examiner is improperly limiting the scope 
of generic claims to the scope of an elected species- 
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The Examiner also asserted that the specification provides "no guidance for 
providiBg cells to a normal subject who maintain a normal number of cells" (page 1 0 of Office 
Action mailed March 27, 2003. Applicants respectfully disagree. However, Applicants 
respeclMly submit that this assertion is moot in view of the amendment of independent claims 
21 , 35, 38, and 41. Specifically, as amended, claim 21 is drawn to "[a] method of repopulating 
neurons, muscles, or other tissues within the gastrointcstiiml alimentary tract of a subject 
suffering from a gastrointestinal disorder comprising implanting isolated stem cells . . . into the 
gastrointestinal alimentary tract of the subject suffering from a gastrointestinal disorder"; claim 
35 is drawn to "[a] method of providing a neurotransmitter within the gastrointestinal alimentary 
tract of a subject suifering from a gastrointestinal disorder comprising implanting isolated neural 
stem cells . . . into the gastrointestinal alimentary tract of the subject suffering from a 
gastrointestinal disorder"; claim 38 is drawit to "[a] method of producing nitrinergic neurons in a 
subject suffering from an enteric nervous disorder comprising implanting isolated neural stem 
cells into the smooth muscle of the gastrointestinal alimentary tract of the subject suffering from 
an enteric nervous disorder"; a claim 41 is drawn to "[a] method of treating a disorder of the 
enteric nervous system in a subject suffering fix)m an enteric nervous disorder comprising 
implanting isolated neural stem cells . . . into the gastrointestinal alimentary tract of the subject 
suffering from an cnieric nervous disorder." 

Additionally, the Examiner asserted that "there is not indication that providing a 
neuronal cell will provide any form of treatment to a subject" (page 11 of the Office Action 
mailed March 27, 2003.) Applicants disagree. Exhibit D of tlie Declaration imder 37 C.F.R. § 
1J32 of Pankaj Jay Pasricha and Maria- Adelaide Micci provides evidence of the successful 
treatment of a subject by the methods of the claimed invention. Specifically, Exhibit D 
demonstrates that the implantation of neural stem cells into the pyloric wall of nNOS -/- mice 
(mice that serve as a model system of a gastrointestinal disorder and an enteric nervous system 
disorder) demonstrates a correction of tlie abnormalities in gastric physiology (shown by an 
improvement in the gastric emptying of both solids and liquids) present in this mouse model 



Received from < 6123051228 > a! 7/25/03 3:2/:57 PM [Eastern Daylight Time] 



07/25/2003 14:32 FAI 6123051228 



Ml^ETING RAASCH GEBHARDT 



[^01 



AmcDdment iind Re&ponsc Under 37 CF.R- §1.116 - Expedited Examining Procedure Page 13 of 16 

SeriftlNo,: 09/834,110 
Confirmation No.: 5306 
FUcd: Apriin, 2001 

Fon TREATMENT OF DISORDERS BY IMPLANTING STHM CELLS AND/OR PROGENY THEREOf INTO 
GASTROINTESTINAL ORGANS 

system of a gastrointestinal disorder/enteric nervous system disorder. Thus» the implantation of 
neural stem cells is effective in correcting a neurotransmitter deficiency and producing a 
beneficial functional elfecL 

Further, the Examiner asserted that"[t]he specification is silent with respect to 
specific metliodology for cell transplantation and provides no guidance for specific treatment of 
specific disorders" (page 12 of the Olfice Action mailed March 27, 2003). Applicants 
respectfully disagree. The methods of claims 21-27 and 3 1-43 arc drawn to "implanting" neural 
stem cells into the gastrointestinal tract of a subject. Applicants submit that methods for such 
implantation into the gastrointestinal tract arc well known to the skilled artisan. 

On view of the above discussions, Applicants submit that the specification 
provides adequate teaching and guidance for the claimed methods. Reconsideration and 
withdrawal of the rejection of the claims 21-27 and 3 1-43 under 35 U.S.C. §1 12, first paragraph, 
is respectfully requested. 

The 35 U.S.C. SI 12, Second Parayrapb. Reiection 

The Examiner rejected claims 1 8-20 and 32 under 35 U.S.C. §112, second 
paragraph, as being indetinite for failing to particularly point out and distinctly claim the subject 
matter which Applicants regard as the invention. This rejection is respectfully Uraversed. 

Applicants respectfully submit that the rejection of claims 1 8-20 is moot in view of 
the cancellation of claims 18-20. The Examiner included claim 32 in this rejection under 35 
U.S.C. § 1 12, second paragraph. Specifically, the Exammer asserted that "the metes and bounds 
of the term 'administering the cells locally ' is not clearly defined (see page 15 of Office Action 
mailed March 27, 2003 (emphasis in original)). Applicants respectfully disagree. Claim 32 is 
drawn to a method "wherein implanting cells into a gastrointestinal alimentary tract of a subject 
comprises administering the cells locally." Applicant's respectfiilly submit that page 10, lines 19- 
22, of the specification, with the statement "[cjells can be delivered throughout the affected area, 
in particular in a site-specific manner (i.e,, locally) _ , . [c]ells can be administered to the 
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particular region using any method that maintains the integrity of the surrounding areas, 
preferably by local injection," clearly defines the recitation 'adTninistering cells locally.' 
Applicant's respeclfiilly submit that metes and bounds of the recitation 'administering cells 
locally' is clear. For the reasons discussed above, reconsideration and withdrawal of this rejection 
under 35 U,S.C. §112, second paragraph, is respectfully requested 



The 35 U,S.C> §102 Reiet^ian 

The Examiner rejected claims 21, 22, 28, 29, and 32 under 35 U,S-C. §102 as 
being anticipated by Luo et al. (Xenotransplantation 1998 Aug;5C3): 197-206). This rejection is 
respectfully traversed. Specificfdly, the Hxaminer asserted that Luo et al. teach a method of liver 
transplantation that is the same as the method of claims 21, 22, 28, 29, and 32. Applicants 
respectflilly disagree. Claims 21, 22, 28» 29, 32 are drawn to a method "comprising implanting 
isolated stem cells, progeny thereof, or combinations thereof into the gastrointestinal alimeniaiy 
tract of the subject suffering from a gastrointestinal disorder." Luo et al. teach the transplantation 
of an intact liver into the abdomen of a healthy subject. Luo et al. do not teach implanting 
"isolated stem cells, progeny tliereof, or combinations thereof" Luo et al. do not teach 
implanting such isolated cells "into the gastrointestinal alimentary tract," Luo et al. do not teach 
implanting into a "subject suffering from a gastrointestinal disorder." llius, the disclosure of Luo 
ct al. docs not set forth each and every element of claims 21, 22, 28, 29, and 32. Applicants 
respectfully submit that Luo et al, do not anticipate the method of claims 21, 22, 28, 29, and 32. 
Withdrawal of this rejection under 35 U.S.C. §102 is respectfully re^iuested. 

The Examiner rejected claims 21, 22, 25, 26, 30, 31, 32 under 35 U.S.C. §102 as 
being anticipated by Keller el al. (J Invest Surg 1 997 Nov-Dec;10(6): 375-8). This rejection is 
respectfully traversed. Specifically, the Examiner asserted that Keller et al, teach a method of 
intestine transplantation that is the same as the method of claims 21, 22, 25, 26, and 30-32. 
Applicants respectfully disagree. Claims 21 , 22, 25, 26, and 20-32 are drawn to a method 
"comprising ijnpJanting isolated stem cells, progeny thereof, or combinations thereof into the 
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gastrointestinal alimentary tract of the subject suffering from a gastrointestinal disorder." Keller 
et al. teach the transplantation of an intact section of the small intestine into a healthy subject. 
Keller et al. do not teach implanting "isolated stem cells* progeny thereof, or combinations 
thereof" Keller ct al. do not teach implanting such isolated cells "into the gastrointestinal 
alimentary tract." Keller et aL do not teach implanting into a "subject suffering from a 
gastrointestinal disorder." Thus, the disclosure of Keller et al. does not set forth each and every 
element of claims 21, 22, 25, 26, and 30-32. Applicants respectfully submit that Keller et al. do 
not anticipate the method of claims 21, 22, 25, 26, and 30-32. Withdrawal of this rejection under 
35 U.S.C. §102 is respectfully requested. 
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Snmmary 

It is respectftiUy submitted that the pending claims 21-27 and 3 1-45 are in condition 
for allowance and notification to that effect is respectfully requested. The Examiner is invited to 
contact Applicants' Representatives, at the below-listed telephone number, if it is believed that 
prosecution of this application may be assisted thereby. 



Respectfiilly submitted for 
PsLSrich:! et ftL 



By 

Mueting, Raasch & Gebhardt, P. A. 
P,0. Box 581415 
Minneapolis, MN 55458-1415 
Phone: (612) 305-1220 
Facsimile: (612) 305-1228 
Customer Number 26813 



Date Nancy aI Johnson 

Reg. No. 47,266 
Direct Dial (612)305-4723 



CBRTTFICATR UNDER 37 CFR 51.8 : 

The undeTsigned hereby certifies thai this paper is being transTnitted by facsiinile in accordance with 37 CFR § 1 .6(d) lo 
the Patent and Trademark Office, addressed lo Assistant Comniissiontsr for Paients, iMnil Stop AF, P.O. Box 1450, 
Alexandria, VA 223 1 3-1 450, on this 25* davo fJulv . 2003, al ^'J^^T\ (Ceniral Time). 

By: < <^Kt(2. .dm J UJUyL 
Name: Jill R. Aginlar 
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APPENDIX A - SPECIFICATION/CLAIM AMENDMENTS 
INCLUDING NOTATIONS TO INDICATE CHANGES MADE 
Serial No.: 09/834,110 
Docket No.: 265.00090101 

Amendments to the following arc indicated by underlining what has been added 
and bracketing what has been deleted. 

In the Specification 

The paragraph beginning at page 2, line 8, has been amended as follows: 

The enteric nervous system (ENS) is a part of the peripheral nervous system and 
consisis of neuronal cell bodies, their fibers, and supporting cells Icxiaied within the wall of the OT 
tract. These cell bodies are arranged in two major ganglionated plexuses, a peripheral myenteric 
(Auerbach's) between the circular and the longitudinal muscle layers, and a submucosal 
(Meissncr's) plexus in the submucosal connective tissue between the muscularis mucosa and 
circular muscle. For the most part, the myenteric neurons provide excitatory (acetylcholine and 
[SP] substance and inhibitory (nitric oxide, VIP. CGRP, and ATP) transmitters to the gut 
smooth muscle. The lone of the gut muscle depends on tlie sunimated influence of the opposing 
actions of these neurotransmitters. 



In the Claims 

For convenience, all pending claims are shown below. 

1 8. (CANCEL) llie method of claiTn 1 9 wherein the stem cells arc selected from the group of 
multipotent, pluripotent, totipotent stem cells, and combinations thereof. 



) 9, (CANCEL) A method of producing enhanced levels of insulin in a subject comprising 
implanting neural stem cells and/or progeny ihereof into the pancreas of the subject. 

20. (CANCEL) The method of claim 19 wherein the stem cells and/or progeny thereof arc 
derived from embryonic neural tissue, adult neural tissue, or combinations thereof. 
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Amendment and Response - Appendix A Page 2-A 

Applicant(s): Parischa ct al. 
Serial No.: 09/834,110 
Filed; April 12, 2001 

For: TREATMENT OF DISORDERS BY IMPLANTING STEM CELLS AND/OR PROGENY THEREOF INTO 

gastrointesttnat. organs 

21 . (AMENDED) A method of repopulating neurons, muscles, or other tissues within [a] the 
gastrointestinal [organ] ahmentaiv tract of a subject suffering from a gastrointestinal 
disorder comprising implanting isolated stem cells, progeny thereof, or combinations 
thereof into Ihe gastrointestinal [organj alimentary tract of the subject suffering from a 

ga&trointcstinal disorder- 

22. The method of claim 21 wherein the stem cells are selected from the group consisting of 
miiltipotent stem cells, pliiripotent stem cells, totipotent stem cells, and combinations 
thereof. 

23. The method of claim 2 1 wherein the stem cells arc neural stem cells. 

24. The method of claim 23 wherein the neiiral stem cells are derived from embryonic neural 
tissue, adult neural tissue, qr combinations thereof. 

25. The method uf claim 21 wherein the implanted cells repopulate neurons- 

26. (AMENDED) The method of claim [25] 21 wherein the subject suffers from a disorder of 
the enteric nervous system. 

27. The method of claim 26 wherein said disorder of the enteric nervous system is selected 
from the group consisting of achalasia, Hirschsprung's disease, congenital pyloric 
stenosis, reflux disease, irritable bowel syndrome, and intestinal pseudo-obstruction. 

28. [CANCEL] The method of claim 21 wherein the gastrointestinal organ comprises a solid 
organ. 
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AmeDdmcdt and Response - Appendix A ^^^'^ 3-A 

App]jcarit(s): Paiischa et al 
Serial No,; 09/834,110 
Filed: April 12, 2001 

For: TREATMENT OF DISORDERS fiY IMPLANTING STEM CELLS AND/OR PROGENY THEREOF INTO 
GASTROINTESTTNAL ORGANS ^ . 

29. [CANCEL] The method of claim 28 wherein the soHd gastrointcstiiuil organ is the liver, 
the g&ll bladder, or the pancreas. 

30. [CANCEL] The method of claim 21 wherein the gastrointestinal organ comprises a 
hollow organ. 

3 1 . [AMENDED] The tnelhod of claim [30] 21 wherein the [hollow] gastrointestinal 
alimentary tract comprises [organ is] the month, the esophagus, the stomach, or the 
bowels. 

32. [AMENDED] The method of claim 21 wherein implanting ceils into a gastrointestinal 
[organ] alimentary tract of a subject comprises administering the cells locally. 

33. The method of claim 32 wherein administering cells locally comprises injecting the cells 
into a wall of the gastrointestinal tract, 

34. (AMENDED) A method of repopulating neurons within the gastrointestinal alimentary 
tract of a subject suffering from a gastroiotegtinal disorder comprising implanting isolated 
neural stem cells, progeny thereof, or combinations thereof into the gastrointe^nal 
alimentary tract of the subject sufifcring from a gastrointestinal disorder . 

35 . (AMENDED) A method of providing a neurotransmitter within the gastrointestinal 
alimentary tract of a subject suffering from a gastrointegtin al disorder comprising 
implanting isolated neural stem cells, progeny thereof, or combinations thereof into the 
gasirointestinal alimentary tract of the subject suft'cring fro m a gastrointestinal disorder. 

36. The method of claim 35 wherein the neurotransmitter is nitric oxide. 
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AraendiDcat and Response - Appcndii A P^ifi^ 4- A 

Applicants): Parischa et al. 
SeriaJ No.: 09/834,1 10 
filed: April 12,2001 

For- TREATMENT OF DISORDERS BY IMPLA^JTING STEM CEIXS AND/OR PROGENY THEREOF INTO 
GASTRDINTESTTNAL ORGANS 

37. The method of claim 35 wherein the neurotr«iiismitter is substance P. 

38. (AMENDED) A method of producing nitrinergic neurons in a subject suffering from an 
enteric n&rvous disorder comprising implanting isolated neural stem cells into the smooth 
muscle of the gastre>intestinal alimentary tract of the subject suffering from an enteric 
nervous disorder . 

39. The method of claim 38 wherein the neural stem cells are implanted into the pylorus. 

40. The method of claim 38 wherein the neural stem cells are implanted into the deuodenum. 

41 . (AMENDED) A method of treating a disorder of the enteric nervous system in a subject 
suflering from an enteric nervous disorder comprising implanting isolated neural stem 
cells, progeny thereof, or combinations thereof into [a] Ihc gastrointestinal alimentary 
tract [organ] of the subject suffering from an enteric nervous disordd - 

42. Tlie method of claim 4 1 wherein the implanted cells pn^duce nitric oxide. 

43 . The method of claim 4 1 wherein the cells are implanted into the pylorus. 

44. (NEW) The method of claim 38 wherein said disorder of the enteric nervous system is 
selected from the group consisting of achalasia, Hirsclispmng's disease, congenital pyloric 
stenosis, reflux disease, irritable bowel syndrome, and intestinal pseudo-obstruction. 
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Amend menr and Reipoiuc - AppendU A P()£e ^-A 

AppiicfmT(s): Parischa et al. 
Serial No : 09/834,110 
Filed: April 12, 2001 

For: TREATMENT OF DISORDERS BY IMPLANTING STEM CELLS AND/OR PROGENY THEREOF TNTO 
GASTROINTESTINAL ORGANS 



45- (NEW) The method of claim 41 wherein said disorder of the enteric nervous system is 
selected from ihe group consisting of achalasia, Hirschsprung's disease, congenital pyloric 
stenosis, reflux disease, irritable bowel syndrome, and intestinal pseudo-obstruction. 
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Immimobiology 
of Neural Xenotransplantation 



V^tcr C. Low, m-Mmg Diiaiv C. Dirk Keene, 
Hsiao-Tzn Ni, and Marcus A, iNfesUnnan 



1, INTRODUCTION 

The field of fieaxal cnmsplEmtatioiihas rapidly inognssed dming the past 
two decade. Sioce die Grst published obaervELtLoos oci the facictioiifil effects 
of transplantod ftetal dcypandfie (DA) nenrons in rodents (Pedow et d., 1979; 
BjoriOucid and Scenevl, 1979)» di*» «ra now aeveraj ongoing clinical trials 
to assess the efScacy of transplanting human jfetal neuitnufor the 
of putiejiia wfth Psii*inson*$ disease (PX>) (Ftced et ^, 1992; Wldner ct 
al^ 1992) andHinrtingtQn*sdisca»CHD)CKopy^ 1996). HowB?vwr,4 
major limitadon to the widespread diincal application of this apptoach h 
the inability to obtain consistentlv suitable speciioen^ for tcanspJantatiot^ 
and the ethical concenia of using human fetal ti^^ne. Conteqaendy, the use 
of donor ti^ue finora other species as xenografts has been proposed as an 
ahemali^ to die u&e of human fetal allografte. 

Major bamcra exist, however, in the development of neural xenotxans- 
plantadon. Id ihc transplantation of whole organs between disparate aninftal 
species, transplants can be rejected within minuted to honrs (hyperajpite 
rejection [HAK]), within hcuis to days^acute rejectioa), or withiji weeks to 
mondis (delayed/chronie lejectian). The meohanisoia involved in the lejcc- 
tiott process vary wiftL the type of tis$\}e that is transplantBd and the rite of 
tran^lantatioa. This chapter psvsents whftt is cuirently known about the 
major is^nes conceming the imnaxinobioiosy of xenotiuupiflnfcatioa» and 
how ii relates to the trani^lantation of nenrsi tissue between species. 

2. XENOGRAFT REJECTTON 

Hie m^jor obstacles to xeuotransplantatioD are the presence of antibodies 
(Abs) and cells of the immune system that recognize antigens (Ags) ftom 
another species. Natural Abs recognize caibohydrate detennin£cts of the 
ABO blood group system, and the degree of zeactiTity of these natural Abs 
by the host depends on the phyldfiistuc relationship -with the donor. Spcdes 
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towetfd. 



AbXt estabUdl the degree of species concorf»n« and ^f^'*' ^^^^ 
rfL host inmnme P% mijol totes in the yanous types of «j«t«»i 

obcecved witbin *• context of jcenouansplantBtioil. 

2.1. Bypentcate StjeetUm . 

ing h^Ab. binding » xenogeneic Ap- A .n^ r.!:^!!!^^!;^.) 
K«1998!auniner et al, 1998)- Wss ™d almost .11 other n^nniris 
Uws ABO MMo-blood-sroop moiiie*. In hypawutc ««>°g»?*^f*^ 

v«ned bom an andcoaeiilaliye to > p«)coag«lali«i state. Aj a «f*J«»«^ 
tbelial cdto (]BCs)u«tegt. swdBng. vesicnlation. cdt-cdl detadn^and 
S?«Wch lead to di*n^tion of the eddotl^Uai b.^ (^^^iX 
iW SrfMeqneDt fibrin depoHtipn. nOcmvascular tombosw. fliterttffl^ 
edaak and hnnorrbaje ultimately n»iiUi« *««>8^*^«^^*'?^™f 
ceSSi inflltnidon (Hamma et J.. 1998). HAR U typ.a»lly observed m 
^Se!U«i xenognfts, in which the T«K*Iamr. of the donor 
c(nwtaotKmta« with xeaoreactive Absinthe host scnim. 
CdJutor transplant*, ,nch as 1ho« dem«l ftom newal 

lissne, initially l«ke*tahlished graft yascolatiwe. "^^'f'f^.^l^ 
rienceHAR(Aachinclo»aiidSacB». 1998). However, Gala l,3G>d and ofli« 
«^ttal ,em>.Ag» arc expressed by rtwny cell types. Mxd may b«« aome 
Jole iji hmnoiaay mediaiEd acute and chconio neortl Mnogmft rqecbcm. 
Howerar, the role of xeno-A«« cellular xenograft rejection lemaJJU to be 
elacid&Led. 

Delayed fbcmii of xexiografl rejection, inclnding wjectigti of tisnna ftom i 
concardant doncff, aic n>«liated tbrough a number <rf P«^^ S!'*' 

very different Xroni these tnvolwd in HAR. Acute vascolariOTd anosmft 
^ xeaofwft rcjeetloti cJthibits les^-fWnmiaiLt eadotbelial Niiry, cha«^ 
tcrizcd by endothelial swelling, focal ischemia, and diffose Uupmbosis 
(Sa*di and Piatt, 1998), Ptotiennare, unlilce HAR, acutely rejecting tiwues 
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•si Ab ifcspoDses «e said 
OS in wMch the host dofcs 
arbotaydrate detenntoiita 
dourokeys sore, tUerefore, 
B mxe discofdant Natural 
and cellular dlexnentfi 
! various types of xb] ection 

ML 



t-mediaGpd rcactioii involv^ 
ar source of xawvAgs arc 
I oligosacchaculft residue(») 
jdjtnosi all odier juairanals 
nwa this epitope. Humans 
lacuce xenograft rcjecdon, 
icular cndotbclium is oon- 
vc state. As a resiili, codo- 
, oell-cdl dctafJameat, and 
il barrier (Sw* and Pbftt, 
ilAt dttoxnbosis, iacerstatial 
gcaft failure wi A TTtinimal 
R. is typically obecarved in 
ne of the dooof organ is 
iSt semni. 

ram ttenral and j>ajicrcati& 
, and tberefbre do not «;cpe' 
ever, Galal^Gal andotber 
types, and may lM.ve some 
ni^iral xeziagraft rqjection. 
raftrcjcsction remains to be 



ig reJfiCtiDn of tissue jTmm a. 
bcr of p«hways involving 
I tecWcr, 1994). These are 
zvxt: Yaftcularized allogiicft 
endothelial injmy, chanac- 
a, and diffuse thrombosia 
acutely njectixis Ussues 



oftea KMntain mononttclear and oeutiophilic infiltrstiaii, snd can occur in 
the absence of complement- 

tf the humoral immafie response can be overcomti, acute graft lejectioa is 
mediated primarily by cytolytic lymphocytes, which dqiend on interactian 
^ndth Ag-pieaenEtng nugor histoooiqpatibDity oon^lex das9 1 (MHC-I) molo- 
coks (Roslin et al., 1992). One of the pdndple findings in neoral xenograft 
rejection has been a direct correlalion between xenograft tejeciiDn andMHC 
iipcegnlation in host and doaat tissoefi (Mason fC iL, 1996), MHC uptegulatioii 
stLiniilates activatioii of the efTerent ann of the imoxune sysrteni, leniltnig in 
cell-mediated cytoto^ucjfy and gcaft rejecticn CUacson and Bxtoakefleld, 1997). 

2.3. Vtlayed and Chronic Rej^ution 

Xenograft rejection has been ehamcterized as chronk, if it occorg orver 
a period <rfwe^ to months. Smdiee of nenral grafts consisting trf cell sua- 
pensions have uoted that, without inmmnosuppiiessive agents, the trans- 
planted tissue can sxsvive for a prolonged pedod of tinac (Sj^ldund et al., 
1982; Low ct al» 1985; Daniloff et at, 1985). Neural xenognifti, however, 
are typically rejected over the coarse of seveml ^tf^)SB following transplan- 
tation (Duan et aL, 1995). The humoral ami of tbe immune response misht 
play a role, albeit lesa than with HAR, as die lestilt of the devdopmeat of 
dooor vascular endotheiliiun. Ikwever. the hlood-biain banier (BBB), once 
reestablished, will significantly limit humoral access to graJFted neorons and 
glia. Cen-mediated mecbanisins aie dearly involved. Infiltration of CW*^ 
andCDS"^ cells of the host have been noted within the graft site puan et aL, 
1995). tins q4>8ervation is consisteni with increased T-ceTt infittiation seen 
in cbroijically rejecting xenogeneic cartilage transplants (Stone et aL, 1 997), 

3. MECHANISMS 0¥ GRAFT RBJECTION 

Xeno-Ag p^esentaticai mediates gzaft rejection, and tnvolvea bodi the affer- 
ent aed efferent aims of the immune response. In acute graft reJecttoOp for 
example, prior to recatiibliAhment of the JBBB, hncooral rcsponacs (Ag^Ab- 
d^p<:9adcnt) may be more likely to coose rr^ectioii, while chronic rejecdon 
pamdigma piobably rely more heavily on cell-^nediatBd (MHC^T-ceU-ieccp- 
tor UCR] -dependent) cytoto^city. The following sections contain discus- 
sions of mechamsms crflamiofal and cetPmediatfriimmmnly, evidence far tfadr 
invdvemcDt in neural xeoogiafi rejection* and stt^gie? fot fteir suppression 

3.1. Humoral Response ta Xsno-Ag 

llie bmnoral itnnnzoe response is Ab-medi^ted. B-tymphocyte membisne 
immunoglobulin (Ig)-bound peptide, carbdhydrate, or lipid initiates B^U 
activadon through a tynninc Jdnase-dep^ident intracellular signaling paHiwAy. 
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actiYitiaii T-hcJper Cn.K=«S <^^^'5^0). Once .cTivattd. Tl.- 
ceJU release specific -J^J^^^X^^f^Zi^a^^o, ^ a. 

cdl»- However, tto bumond i,«t i«muDc response to 

^ epitope, b e^ptoJned 

c«,asTiii5nB. w»"l«tos In v«y J^^^^-crivaiion described m 

detttt in Scction3.30. ^„b.Aiis b wcobably «nost pronounced 

caily. fonovwns "S^™"^^'^5^SB^far this co^cs ftmn the 
demDOStrarion mediate Ibe hun.or.1 .«n ot the 

jmmuixe system (WrenetJ. 1'"). IW^ , pnroarity by Tb2- 

oftoBg-survivinS islet x«»0Wms^ «J^^ paradigm!. a» 

well (M«n» « J.. 1995>- ^ ™^ °:,r!rtL- gvwcnis roay n« bo nppBonble 
^ „^ .» not •'l*?^ ^^^^^^STrf^ tntt-^ 
beesnse of the brawiiKilogii^ I^"***®*^ " 

3 J. N-W X«»-Ai.s ^^^^^^ 

without prior e^posurt ™d mostly cfi«ct«l 

ta«erial coloni«iion of the 8«f«»^^ to simile 

epitope. P« --"«^,'^r,'r^^^5^^""^^"«i«' 
XeclS towaid tho G«1«).3G^ T^^^M^^ been h, v««Ur 
bu««al lespors* to this ^.'^P'.J^^^^^S^i^ ^ 
^dod»=li™» during BAR. ^^J^^„Y^^^iy developmectzl 

doK-points. ^-'^^^^t^^'^^y^*-^^''^ 
eugratocut, -blowing any naturaUy occuttuiR bo^t ;c«ic^ao 
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I, resulting in iiKTcascd 
, H Ag presentation and 
t40). Cmce activated, Th- 
/xDpfaocytc ptoUfGraticii, 
.ToatioxSt as wejl as leuko- 
itffid areas (such as Jtytnph 

) ncnq^tidc Ag. because 
T lipid mwefies to CD4+ 
16 carbqhydrate: xeno-Ag 
host immune re^TOose to 
« A^A]>TnediatBd B-coll 
ftB acdvatioa and prcbf- 
ait activation 

-obably voost pxcmooncMl 
ition of (be tl^ cndotfac- 
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t& produced in oAammals 
ast periiaps as a result of 
t, and are mostly dtrectfed 
then crossieact to dmUar 
m natural xeno-Ab \i IgM, 
?r, chacactcrlzalion of die 
:liisivBly been in vascular 
grafts contain little vascu- 
al at eaily developmeotal 
re solid organ xenografts 
ir days to weeks (onowin^ 
lOSt xeDO-Ab9 free access 



to the graft and severity of graft rejectioii is diiectly coueKatcd widi the 
degree of BBS coaipTDmise CNafcashima et aL, 1988)- 

Neacal alio- and ;wcogr^ft9 develop a chhjiedc vascujatuie as tibcy mature, 
conadSliOg of host pia-^dcnved and graft-derived vasculai endotheliom, with 
donor endotbcUuQi coxnpiisii^ die majorily of the tascnXatoFe (Krum et aL, 
193S; Kohfiaka et aL, 19S9). Studies by Geiai est aL (1991) and R()aenst&m et aL 
(1992) abowed that the BBB in neural alio- and xenotzansplanta ia ootnpetem 
at two wec^ poettjanaplantadoa, lodlcadag that tradxtioaal HAR tncchamsoas 
cannot occur in neoial xeaotraa9pUuxt$^ However, eventual devclofnaQDit of 
gtaft-dcrived eadododbnnn reeiihs in Mgmficaat endotbelial jmy-Ag expoanns 
to bostsenmk. 

IgM xcno-Abs have linnitBd acCMS to grafibed cells beyond the endothelial 
harder of the vasculatnre. However, Hubebosob and Fabian (.1989) showed 
that rabbit intraperitooefl] (ip)-injected XgG penetrated aD regions of the 
neorucijt par^schyma 4S hams after ii^ecticaa. Thust xeno-Afi$ expressed on 
gr^ifbed nenroDs and glia may be in^ortant, patticidarly with reg^ tpIgG- 
tttffdiavtl cytotoodcity. Tlie ideotily of these yicapeeJtve xeao<-Aga is mideoer- 
mined, altbougih the swine leukocyte antigena may be important for porcijae 
xenograft rcjectioQ (Cooper, 1998). It will also be of interest to examine 
xeno-AJb composition in and'Oalal 30al Ig-sleplctcd animals receiving 
neural xenograft^- Altboo^^ cbaractenzation of the repertoire of natoral 
xexio-Abs directed totvard nmral grafts is In its mfmcy, it may be possible 
10 prt>dnce dodior animaia ^tb low xeno-Ag ejcpressioa by selectively breed- 
ing animals crfubitiag xeno-Ab adsotptiqn (Alvairado ct al., 1995), 

33^ Complement and HAR 

The complement system •provides many of the efCector fbnctiona of the 
humoral immune system, and U the key player In hypeiacutc vascular xeno- 
gi^ rqcctioD. Cwnplement mediates tbe acdvation of inflaromatioD, opsotdza- 
tioHv and cytoiysis, and posztivcly Tegnlatefi the humeral ^espoose. Acti vatzoa of 
camplemetkt, via dasnoal OjgQ- or IgM-dependent) or alternative (Ig-indc- 
pendent) pathways, rmlts in the formation of complment enzyme &ag- 
ments, which mediate anaphylaxis and chemocEXis, and mexatacsne attack 
complexes (MAC), which lyse cdls. Paitifll MAC (C5b67) may also be ini^- 
tant io disrupting intercellular endothelial adhesion, leading to endothelial 
membrane disruption. Tbe complement cascade leada to endothelial Mtnre 
and graft rejection dhrectly (MAC, C5b67) and indirectly (T-lymphocyte 
and macrophage infiltration and activation). 

Tbe complement cascade is li^itly comtolkd thiuu^ legolacors of ctvople- 
ment activation (RCAs). Prbdpal among these are Factor 1 (and its co-factors) 
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4. CELlrMEDtATBD XENOftEAClWlTY 
Jnhibiiiofl of bwnoral-mediiUed xenograft rejection ta "P^^ 
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cell-mediflcced fnecham^ms. When the hyperacute immune reflponse is blocked, 
xenogralt pnjectiQn occm following infjtration by nmcrofdiages, natnnd 
killer (NK) cells, and lymphocytes, in a fashion sbooilar to that seen in aUcn 
fraft t^ectjca (Anchinclosa, i9SS). Indeed, the mechBmsms of celtalai- 
nudiated iittmicmity to xeaogl^ft^ are fiindaxn^^ 

allograft R^ecdon (Yamada and per Simonian, 1995). However, ceU-tnediated 
j^enograft tejcctioon cannot be controlled by tite types of nonspecific immu- 
Qosnppresaion used routinely to prevent ailograft rejection. Tbas, ^though 
fundamentally smnlar, tht ccUular Ecspunaea in xenotranfiplantBtion may difGsr 
soxnewhiat mechanisticalZy firom diose in aOottanspkntotioa. Hie foUowii^ 
sections fbcns on medxaniszns of ceU-mediated rejection in Mnotransplan- 
tatbn, and on differences between ceH-mcdialcd «mo~ and aUottanspIant 
rejection. An underatamfing of these differtnces may provide toon focused 
and specific approaches to control ihA rejecdon of unografts, 

4J. Pr e sentation cfXmo^A^ 

Cen-uiediated £raA rejectkm is dqiendent on specific signaling between 
the various cell rypcs involved. The first step in this process is the recogni- 
tion of graft Ag9 as oonsell This occttrs through tbe presentadon of xeno 
specific epi(opes» and is dependent on the natoxv of the xeiu^-i^, eeUular 
and xaolecnlaX pbcnotype of both prcsentizi^ and tecognizins ceUs, and 
cytokine disposition. 

MHC is xeqnhed j6crrxcno-Ag presentation. MHC znolocules t»nd ittaate 
and foreign peptides, and aro dien expressed as MHC-Ag complexes on die 
cell suiftco, for sampling by T-lymphocytc$ through TCRs. Keamis do not 
exprafis MHC-IL and normally e?[pr«iss very low levels of MHC-I, unless 
stimulated by cytofcioes dndng processes stlch as fnflanmEadQa (Pakzaban 
and Isacson, 1994). Although neurons can be tXKhiced to ucpress MHC-I, 
other graft-dedved ceOs probably mediate xemo-Ag-specific rejecdon. Donor 
micToglia can function as andgen-piesenting cells (Af^s), and a>4y partici- 
pate, but this is unlikely, because znicrpgl^a. trsnsplanted within neural cell 
suapeosions are limited in nnmbet Scorn the ogt» et, and sore rapidly replaced 
by those of die host rat (Gcny et al^ 1995)^ dial cells may provide cues for 
recognition fay the host inumme system, but grafts conq)Ofled predondnandy 
of astrocytes do not indcice re\>ectic3ti (Pollack et al., 1 992)* The exact rol& of 
specific cell types in neural xcoD~Ag presentation Temaina to be detennmed. 

Ag prcsentatioo i? normally mMiated by MHC-pcptide interactions with 
JCR, Ibexe axe two classes of MHC, whkfa serve diffmeu t iinicticnB. NfBC-I 
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mtilecule* are exprcMcd on all nucleated ccU^^ and noimally pteseot pep 
tide AgTs tbat am intiiDSic to die cTtoplasm. In contrast, MHC-a Is expressed 
oo <»Ils that are spcdWazea for Ag ptca^^ 

B-lymjAiocytes. macrophages^ and dendritic cells, and ncdinaUy ptescol Ag 
that has beea cndocytoecd from the e3ttraoel]ular spec©, T-lynjphocyw CD4 
ajul CDS cell surfecc molccoles are co-receptors for the TCR, and lestilci 
TCR interactioitf to MHC-H and -I, iwipcdtivcly. Th-ceU actlvadon, 
via binding vriih the MHC-Et-pepti*^ complex, rcsolta in cytokuae produc- 
tion that gtinnilale* leukocyte aod monocyte activatloii, and migration to 
activated areaa (finch as lymph nodes and graft sites). CD»*-cdl activniiOD, 
via biBdj»g with ih« MHC-I-^>eptide conqilBJc, ifcsnlts in CDS* T-cftU medi- 
ated cycotoxiaty . The MHC phenotype of a graft can thercfo«e draroatJcally 
inflnemce its soTvlval. 

There \i ahuTKlMJi evidence g up pu iliii g the involvement of MHC in n«o- 
ral xenograft rejection. PoUack; et al. (1990) dewuMistrated thai, aHhottgh 
histological features of mwral xenoHansplaiit rejectian varied, depending 
on the method of induction a «., aVan graft, cbntcalateral eye removal and 
mannitDl BBB dismption), uprcgalation <rf MHC was prevalent in all cxpcr- 
fanental mampaktiiMiB examined. Also,.iinirlDft MHC-im* corpus coUoaum 
xcnotranspJaUi* are rejected, but MHC MI" astrocytic cell lines are not 
OjtchfieJd et 1997), and cultured porcine neurons (MHC*> exhiWi a 
much strongCT proliferative T-cell response than fteshly isolated porcine 
oBirfal tissue (MHC") (Brevig et aL, 1997). these stodies support ibe notion 
that donor MHC cxpicssioa is oecessaty for AtlmiTiaot graft r^j^on. How- 
eve*, the severity of the tcsponac may depend in pare oil the medianism of 

Ag puresftntation. 
■» 

43. Direct vb IftdirEct Ag Pmentatitm 

The naliue of xeiio-Ag preaentadon is controveiBial. Xcno-Ags nwy be 
presented eather directly or indirocdy to activate the Imtnuoc By«tenu IDfaect 
Ag preseataiion involves ibe direct recognition of dooor MHC tnolecules 
by host cclb, i.e., donor MHC molecule* are able to bind the TCR of host 
T-cftUs and stimulate them directly. Indirect Ag presentation, on the other 
hand, involves the recognition by host TCR of host MHC containing donor 
peptide. Allogiafts, by definition, can present Ag by both mechani5n5&. 
HowBver, tbc ability of a xenograft to proaeat Ag direcOy to the host Im- 
mane iyslem is highly spedes-co mh in arto n-apecific. 

Human xcno-Ag can be presented directly and ioditectly to moiinB T-ceHs. 
Kievits et al. (1989» 1990), using MHC trausgenic mice, found that xetio- 
MHC-spedfic (airti-B27) twouse cytotoxic T-lymphocytea (CTLs) could kill 
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JTstet Xeno-A^S may be 
9 immwie $y Item, Direct 
f donor MHC molecoles 
to tniMi the TCR of host 
resentaiion, on tibe other 
t MHC EiDntainidg donor 
g by botb nechamsm^. 
; dixectLy to th* host im- 

itrect^y to muime T-c«ilU- 
z micB, found that xeaio- 
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htiman md mou^ cells expressing the ofTpropriate 7;oao~Ag in a s«lf-MHC 
unrestxietcd manner. Mixed lymphocyte reacdon (MLR) stnrfies have shown 
that human leuJkocyta antigen (HLA)-G functiciDa both a& a ;cetio-Ag (indi- 
xect), and as a restdctioa elemertt that can present petptidca to imntoe T-eeUs 
(direct) (Honizsko et al., J997)- Blvestone et al. (1987) ijrrovided evidBUCB 
for direct Ag presentatian by pordfle MHC to moose TCR- TH^ demon- 
strated that moufie splenocytes traxisgenic for pordnc MHC4 molecale 
stltmilatBd uomiai spleen cells to ganeraie MHC-^T-apecific CTL* ahcradng 
that mice have an immunological r^peitoffe speciiic for xenogeneic dass I 
geae prodiicL 

In vivo studies provide fuctiieir sopport for species coznbinatLon specific- 
ity in Ag presentation. In a buman'to-monsc patadigm, mmsgenic HLA-Q 
murine tis»u«t was lejecied by ho^t mioe, either diractiy or as a peptide in the 
context of mwrrne MHC (Horazako et al^ 1997), Fiirthennore, by masfcrag 
donor hmnan HLA-G, liver and SsAxX. xeno^aft aarvival were prvlonged. 
Support for plg-tD-m direct Agpwsenlntioa cornea fro^ 
fitnted that ma&tdng of donor porcine striatal MHC-I csUs with anti-pordne 
MHC nkooodonpl antibody (mAb) substantially enhancfld survival of xeno- 
grafts (Patesaban et al., 1995). 

Thoe is mixed snpport for dsrect A^ preacntatlra in lalr^ta-mouse cone 
binations, Hirota et al. (1997). using MLR« showed that roooAe T-cells 
lecogniz* tat xeno-Ags via bath direct (xftno-AJPC-iiestricted) and indirect 
CsoJf-APC-reatrtcted) mechanisms, and that CD4* and CDS* T-lymphocytes 
pardcipate in tfie direct pathway. However. KJaoo et al (1 998) flowed that 
treatnacnt widi rat-andrnouse tnAb to APC expressing B7-1 andB7-2 co-sthn- 
ulatory molecules inhibited antidonor Ab fonnation and deposition of C3, 
IfiM, and IgO on xenograft rat cardiac endotheUmn, but mouse- ajotirat mAb 
bad little effect, suggestive of an. Indirect Ag presentation paradsgm. 

livedo studies indicate diat there is direct A^ pTTsenta^^ 
between some species. Direct Ag presentation is important in neural transr- 
plantation, becaose donor neoral tiavae MHC has been shown to beupregu- 
latsd socsner than tbe MHC of dke Muijpu n dh ^ pateocfaytna (Litichfield el aU 
1997). Thtffefotc, diiect Ag ptnsemati^ 
response to neural xenografts. 

Extensive pxedinicBl testing of a specific species for xenotransplantation 
is not advisable unlesa it exhibits m^™mi>i direct Ag presentation to human 
T-lymphocytes, £n order to im'Tdmizn direct Ag preseatatioo, selection of 
appropriate donor tissue for eUnicai applzcatioas mast be done carefully. 
MLR testing of ^>ecies^specdfic combinfltions will be a vahiahle tool in this 
r^ard. Tbe onUoolc for porcine xenografting, m this respect, is problematic. 
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:D4* and CE*-^ T-lym- 
4ontimtntly medUted by 
a iespoDi$e to xeno~Ags, 
dqcxyodent on CIM* Th- 
?0). FottiicnnoTe, in vivo 
aon»trato that survWal of 
059 MHC-I is prolonged, 

idopdvc trttJisfer studies 



have coosistently dcroonstrited the toquifement of T-<:eUs for xcno- 
f fcactivity, and diat graft rejection can occur in the absence of CX>8'^T-cejUs, 
NKceHs, and B-cells (Picrsoo ct al, 1989; SimeoTiovic et al., 1990; Wecte 
et aL, 1994; Uxt^ai^ 1998). 

SimiUiT lyrnphocyte^epletiDn fttudiea in jsenral txvnsplant modeU have 
ahown tbat CM*^ T-lyniphocytcA are cdseaiUl for initiatiTt^ the icrreotian of 
xeno- and allogvfoelc CNS grafts, but CDS* T-lympbocytes «b onablp by 
thezDsdvcs to mediate re^ectioD (Nicholas et al.p 1990: Wood at aL, 1992). 
Together, tbc«e studies indicate diat CD^"*- Th-oeHi arc criticAl in neutal 
xenografk rejectiork, acnd that foreign Ags most be presented Co the Tt-lym- 
pbocyics by MHC-n-expressing cefls. 

6. CYTOKlNnS MSPONSES 

CD4* Tbl-cclls, which produce pnmaiily IL-2 asc) interferoa y (TFN-ii)» 
ptEdotmnatc in ceD-mediated Tespons6&, while CD4^ Th2-cens, which pro- 
duce pnmanly and IL-IQ, predomjuate in hnmoral ceEuIar xesponses 
(Mosmann et aJ., 1986, 1991: Salgarac etaj^ 1991). Tli2 cytokioes (3L-10) 
cacosstegtilate Thl activity (IPN-Y) and vice versa (Femaadez-Botran ct al., 
1988; Fiorentino est aL, 1991", MoBmann ct aL, 1991). The cytokine profile 
of CD4* T-eells its m^pgnfie to xenogralts is Jmpoctaut, to better underitflfid 
ihear toje in :\eD<»ieactivity. Js a one-wiy MLR, Wren ct al (1 993) showed 
that xeoD-Ag-stiinulated T-lymphocytcs ptcsdominantly exhibited a TUZ-iype 
cytddne response, in comra^t to the Thl respoDae of all£>-Ag^$timulatGd 
lyirtphocytes. Ptefciential Th2 responsivity to xetK:^ratt$ was alao fbuad in 
iibc Ttansplantatian studies (Morris ct aL, 1995), 

If the Th2 response predominatea in 3teaoreactivity, it tatay cxpIaiTi why 
conventioiial immnno'^pprGSsive agents, which are succe5.i^l in prolosg- 
ing all<^7aJft sarvivaJ, are Jess efflcaciona in preveotizigxeiacmdeedoQ. How- 
ever, mdies using various cytokine knock-out mice have oot revealed 
specalie 71)2 cytokines that are ess<^al for xenograft rejection. Tbusi dif- 
ferences in cyttjtoinc response to alio- and xenotransplantation tetnafcos to be 
clarifted. A better undemanding of the balance between Th Mbsct fnnction 
and cytokine profile in neural xeootranspbmtation may allow tnote tsirgeted 
a^ specij^c approaches to control the eady events in lejecdon. 

7. NK CELLS 

NK cells arc bcKcved to participaic in xertograft rejection. MHC-I mole- 
cules contairi specific motifs that inhibit NK. cell-mediated cytotoxicity, 
Imt xenograft MHC-I inhlWtory domains may not be recognized by host NIC 
cftlla (Morattft, 1996). Thn$, lack of s^jpropriaie NfHC-rcstricted Ag ptcs- 
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cntadon can induce graft rejection, wWcb is a oonosni for JfflC fcnock-oot 
xenotmnspUniatioa. In addition, NK ceUs can be Rctivaied tbjoagh the 
recojnUion of ceU-sarf ace-boraid TgG, resulting m indactioo of Ab-dqpen- 
dcnt, celi-mediatod crytotaxicity, and release of cytoldoc*, sucb w tumor 
necroftb factor a (TNF-ct) and i;iterfcroi^7 <^-y)- 

There is clear BVidencfi tbat NK cells panidpate In xenogeneic Tcjection. 
Human NK cells have been shown to activate and ly» BCs by direct cell 
cooi*!^ when co-cniteired with porcafKsECfi(Goc^ 1996).lnyiiiostad- 
ies show that NK inbibitoiy icceptart fail ^ Wnd w wogcneic MHC-T 
molecules (Berouska ct 1994; Ballas et al^ 1996), and that transgenic 
porano ECs expreaitng himan HLA snbtypes are le« 
NK cell-iDediated cytotoxicity dian are controls. Furtbcrmoie, multiple 
MHC-I sabty^ need to be exprosed to inhibit polyclonal NIC coU poptila. 
tcms, demonairaling the ewstcnce of nniltiplB MHC inhibitory motifs that 
are recognized by distinct classes of NK ceUs (Seebach et al., 1 997). 

In vivo atu&es have shown a mononuclear infiltrate consisting of mono- 
cytes and NK cells associated with xenograft ffcjection (Inveratdi ct al., 
1992; Hancock et al., 1993). Depletion of NK celb, in combination with 
othcrVarms of immunosappresBixm, prolongs graft survivnl (Umesue ct al., 
1996). HoWDver, additional NK ceU depletion has no additive efffect on 
xenograft survival resulting from CD4* T-cell depletion (Karlswn-Parra 
et al., 1996). suggestins a T-cell participation in NK-mediated xenograft 
rejection. Tlw; role of NK ceUs in xedotransplantadon at immunologically 
privileged 5ites» such as the brain, remains ti> bo chieidated- 

CO-STIMULATORY/ADME5JON MOLECULES 

Adhesion molecules aie important for the binding and extravasation of 

leokocyces to/thwyngh activated MdothcUum, and for the ceU-cell inter- 
. actions that mediate imraao« activation and cytotoxicity. Co-stimulatory 

molecules* which indnde many adheskm molecnJea, are important for T-oili 

activation during MMC-TCR mlMBCtion, The following section focuses on 

functional aspects of these molecules- 

8 J. . AJhesion Mo UcuUa 

Adhesion moJccules function through specijac binding to other cells (via 
specific interactions with other adhesion tnolecules) or to extracellular 
mairiy. LouVsDcytBa and other colls uac these intBraction* to adhere to acti- 
vated endothelium, thereby promoting extncvasation into an immunologi- 
cally stLotnOated regioii, such as a xenograft site. Specific adhesion molecule 
expression determineis the types of cells that invade a graft, and organ-sp«^ 
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cific and vessel esdothelium-specific differences have been denxmstrated 
(Stcihhoff etal., 1994). Vasndar cell adheswrniPDlecnlc 1 (VCAM-l),inii5r- 
ceUnlaradhesionmolecole 1 (TCAM-l), and lymphocyte function associated 
antigen- 1 (LFA-l) axe particiilariy important in xenograft rejectign. Block- 
ing VCAM-1 residts in decieaied binding of human T-cells to activated 
pomne Andothelinm (MueUer et aL, 19^5); mAb apedfk for itw LPA-1 
binding epitope of ICAM-1 inccea^ islee xenograft survival, and delayed 
lyn9)hocyto ingestion into die graft (Ze^ 1994).LFA-1 i* also prom- 
inently involved in NK cell adhesion to activaled eodotfaeliam Ctnverardl 
et aL, 1992), Signlflcam cvldcxsoc jnpports the role of ICAJEvJ-l-UFA-l and 
VCAM-1-CE>49 in promodn; leukocyte activation and infiltration regard- 
ing xenografts (Ohta et aL, 1998; Kwiatkcrwski et al., 1998)» but little evi- 
dence exists concerning ccU adhesion molecule roles in neural xenograft 

Antineoral xenogiaft rejectlan thexaples ace being inrestigated, using 
inAb 10 spcdbClc adhesion molecules with some eflBlcacy {see Section 1 1 A.). 
Ftiannaoological intervention may also prove useful. For instance, Lin et al. 
(199S) have previonsty sbown tfaac a 2-wk course of lefltmomide, which 
snpprfiflsea Inducible E- and P-^lectin expression, together ^th main- 
tenance cyclosporin A (Cfi A) fhmpyr miderEd hamster-to-iat cardiac xeno- 
grafts lesiscant to antlhamater IgM xeno-AbHStediated r^ectiini (xenograft 
accommodation). The anthois &ho demonatraied that conRtitutive adhesion 
molecule expression,, auch as ICAM-1, id downregoUted in ffuvh ao accom- 
modated gca^ i 

B,2. C0-3timtdatory Molecules 

Activation of T-cdls is iniltatedby specific TCR recognitiion of MHC-bonnd 
Ags, An interaction of accesaoiy molecules between T -cells end APCa is 
necessary to provide the co-9timulatory signal(s) for cotMetc T-<:cIl acti- 
vation. Co-«timnlatD[y molecnle intcractiaDS arc neither MHC-rcslricted nor 
Ag-specific, and include the B7 family (interacting with CD28/CTLA-4) 
(GimmJ ct at, 1991; Unaley et aL, 199t; Haiding et aL, 1992: Bceeman et sL, 
1993; Haidfaig and Alhson, 1993; Linsley and Ledbetter, 1993), ICAM-l 
(intexacthxg 9vith tFA-1 [Printegclnl) (Saventer et al^ 1990; Kuhlman 
aL, 1991), and VCAM-1 (Interacting with VLA-^ [Printogiin]) (Damle and 
Anjffo, 1991 ; Damle et aL, 1992), Other important co-stuDolatory molecule 
lelationships inchide t-FA-2 CCD2) intexaeting with LFA-3, and CD44 and 
L-sel&ctin inteiacting with endotbeUmq add cell matrix, Co-stimnlatoty 
xnoiecttles can etihance or suppEcess T-cell activation, and expression of these 
molecules is highly regulated. The specific role of co-stimulatory molecules 
in neural xenograft rejectian remains to be detemnned. 
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9. BRAIN AS IMMUNOLOGICALLY 

PRIVILEGED SITE FOR TRANSPLAJJTATION 

Xenograft lefecdcm grcatfy taflwiced by die site of transplaotatiofn. 
Tbe bcm bAs long been coasideced an imiminolcgically pnvfl»g<il Mte, 
HistoiDcompadble (aUo- or zeno-) grafts gurviv© longer in the brain than 
grafts placed in pciiplL»sl sites (^aiker and BiHingbain 1977; Head Q»d 
Oriffin, 1985i Widncx mdBnindin, 1988), Swral fecters conlribnite to ibe 
immunglogicany privileged status of tbo brain, includins Udc presence of a 
BBB (Barker and BilUnghnni 1977): the lack of a cDnvcntiGnal Lympbatic 
drsipage system (Bradbury and Westrop, 1983; Head and QrifBn, 1985); 
the ab»cnco of APCs, pSffticularly deandtidc cdls (professional APO (Hart 
and Fabce, 1981); v«iry low or no MHC exprpssion on brain cells (Lampson, 
1987; SkDskicwicz rt aU 1985; Wong et al„ 1984, 1985); and tbe ctistemas 
of local, ijnninnoaiqjpressive factors (Jadraora et al., 1987; Massa, 1993; 
Wilbanks and Streilein, 1992). 

9.1. Bloo^Brain BmrrUr 

TbiR BBB e;ciits because normal brain capjDIariafl contain specialized de- 
xxwata that enable them to tigfatty regnlate the passage of molecules and 
celInIarel(nzKm between tbe blood azkd the bi3^ consists of xnicro- 

vascnlar ECs in dose ^ipositLan with ablnxninal astrocytic loot processes. 

AlteratiMt or destruction of the BBB can occor during a varietj of paibo- 
loglcaJt conditjons, indnding brain trauma (pietxich et al., 1994; Schimdt 
and Grady, 1993; Scares et aL, 1995X hcmonijage (Gcotfflno ct al.» 1992; 
Smift et aL, 1996), and cc^rtain ncnrous system diseases^ eg., experimental 
anergic encephaUcis CEAH) (Paul and BoItoiDt, 1995), multiple sderosia (Brown 
andDumonde, 1986), nnrwcs (Grabb and Gilbert, 1995; Roddceetal, 1995), 
AbiheiiDer's disease (Kalsna, 1992), and bypeitensinit (Tang et sL. 1993). 
The BBB is con^troniised for macronOOlecules tip to 1 wk fbUowing neoial 
trBQ^lantaCnn (BBrtram et al^ 1994; BioadweD, 1990; Broadwdl et aL, 
1991; Bnindin ct al^ 1989). The dm» during which the BBB is opened may 
vary, depending on the Qrpe of neuial graft and the Immunological status of 
die jecipient Consequently, during this period, incraasvd intzapaffitK^ytnal 
leukocyte, and Ab in£Dltration may lead to xenograft rejection, 

9*2« Lade of Conventional t)pnpluLtic t>rainage System in Brain ^ 

The brain lacks a lymphatic drainage system thai is coixi|)axahle to obex 
tissue systems in die body. However, a large nmnber of studies have shown 
that fonugn cells and Ags placed in the brain are subsequently tranffported 
to lympboM organs, siKih as deep ceridcal lympliDcides or the spleen C 
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and Westrop, 1983; Broadwell et aL, 1^94; Caeir et al., 1992; Ktda et aJ^ 
1993; Wclkr ct al, 1992; WtOner et aL, 1 988; Yamada ct al., 1991). Rflcendy, 
Broadwell et al. (1994) observed thai donor-derived MHC-l-positiVB cells 
fxom intrace^bral ncntal allografts can be identified ixonnmocytocbem- 
ically In the host spleen and lyn^ nodes. Possible pathways fiooro the braia 
to lymph organs inclnde the subaaacbnoid space and dFaKnage of cetebml 
extraceUnlar fluids (s^, catebn>spina> Qukf) ciuough the cribifbnn plate isto 
fte cervicsJ lymph (Harllng-Bccg ct aU 1989; Kidi ct at, 1993; Szentlstvaiiyi 
et al., 1984; Wdlcr ct aL, 1992; Widncr andBiundin 1988)^ These stndies snp- 
port the existence of paihways between the brain and tmmime organs for the 
tiafiScking of APCs that can Initiate the afferent Mtn of xenograft rqecdon. 

9 J, Exprtsston ofMBCAgs in Brain 

Konnally, brain cells do not express detectable levds of MHC tnolecnles 
(Lampson, 1987; Skoskicwicx ct al^ 1983; Wong ct ai.. 1984, 1983), but 
certain cells in the br^ can be induced to expfeii MHC molccalcs. These 
include ECs (Finsett et al^ 1991; Unke and Male, 1994), epcddymal cells 
(StdnigR' and van derMeidc, 1988), jntcioglia (Bo et aL, 1994; Finscn et al^ 
1991; PanekandBenvcalste, 1995;Poltorak and Freed, 1989; SubramanJan 
ctal., 1995; Tooyaroaetat, 1990; Xu and Ung. 1995), and astrocytes CFioz 
ct al., 1985; Traugott and Lebon). As staled in Section 43., MHC expres- 
sion caA also be induced hi the host hiaun fbUowlns intracerebral neural 
transplantanoD (Puan et aL, 1993, 1995; Fuweo ct ail-, 1991; Isono ct al., 
1993; Lawrence ctaL, 1990; Mason ctaU i:?86; PoTladECial.» 1990; Poltarak 
and Freed, 1989; Wood et aL, 1992), and transplantatioo of neural xenografts 
nomoally leads to pronounced expies^on of MHC Ags within the gcift 
site (Duan ct ah, 1995: Pollack et al., 1990 ). These stndics sn^St potottti*! 
MHC-mediated interactions between donor and host cells tbai may lead to 
graft rejecdtm. 

9.4, Ahsencg and Paucity of Ag Presentation Cefis in Bfodrt 

Dendritic cells (DCs) have the capability of phagocytosis and processing 
of foreign Ags for pnsenvuian in associadon with MHC-T and -11 mole- 
cules, Th6se cells sire considsEed to be the most eflicirat type of APCs for 
T-ccJl actiYarioft in the body (Lechler and Batcbelor, 1982), AJto DCs take 
up Ags, they can migmtc to ^ lymphoid organs, wheze tJasy present Ags to 
lymphocytes, DCs axe found tn vaiioHS dsaues b the body, and are lypre- 
sented as Langcrfaans ceiUs in skin^ blood E>Cs in senunp and inteidigilBt- 
iog ITCs b lymphoid organs. It is believed that DCs do not exist in the 
brain (Hart and Fabre, 1 981), but some cells in the biain, such as asuticytsa, 
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imcroglm. And ECs, may be able to ItoJtiom as AFCs (Hearz et oL, 19S5; 
Finscns 1993; Ruscn ct al., 1993*; Poltorak and I'reed, 1989; Trawgolt et al., 
19$5). Id YidQ studies demonstzale that oultured mictoglia, EC3« and utro- 
cytra can bft tndiiced to express MHC-I or -H Ags, or both^ foUowmg expo- 
siirotothccytDldneSlFN-ycyTOF<<<Benw^^ 1991;IWetaU 1987; 
Hirscli ct al^ 1983; Massa ct at. 1987, 1989; Maueriioff et aS-* 1988). Uoce^ 
orver, tbm is evidence di«t astrocytes otm express MHC Ap m the brdik 
(Traugott et ai., 1985X &i neizral gcsf^g stoclieft, Poltorsk »ad Freed (1989) 
claimed that host microglia express MHC-H Ags, and cooclodcd that host 
microglia- sci as APCs. Tlus £iylui{ is ftirtbetr supported by stndies in 'which 
MHC-n immunoreactive cells tn neuial iioplantatioa sites were fQUod to 
resembU znicro^ (Duan et sL, 1993, 1995; Hrscsn 1993; finsea es al, 1991, 
1993). Thus» (fespita the apparent paudty of APCd within the hrain, micro- 
SilU and aslxo^tes may be capable of xeao-Ag processiiis atul presentation. 

9p5- Existmce af Local Immsinosuppressice Factors in Bnm 

Accumulating evidcdCfi sugge&ts that serveral factors In the brain have 
hnzmmonippressive efiecb. Mmite (1993) observed ifaat bram gangliosides 
suppress Che expression of both MHC-I aad -U moldcales on cultured astre»- 
cytes. wbile Jackson et ol. (19&7) demonstrated the Bbail7 of these gangUo- 
sides to siqipcc^s in vitio human and numiie lyi^ 

cytokines in the brain, sndi as transfcrnmig growth factor-<x CTGF-cO, JL" 
10, and IFN-Y, may also exert ixmnutnosi^ppressiYe e&ects, WilbwAs and 
Streileui (19^) found that fluids from Imnm^e privileged utes (e^g^ cere- 
brospiiul flmd) contain TGF^ and disrupt tbe ability of macrxyphages to 
present Ags. JE^ecentfy, IFN-y, has been found to TcdocB the Ag^prcsenting 
capacity of hnman glial aiJdB-cells piang etaL, 1995), and lo downiegulate 
MHC A« expression CHuynh ct aL, 1995). In another In vitro study, a soluble 
inhibttory factor in the CNS was fymd to inhibit nxscrophage migralian 
(ffiischbc3fg and Sch«mt& 1995). Although tiiese molecules inay contrib- 
ute to the iinmmic^k>gicany privileged stanis of the brsdn, dseir exact role 
requires forttier clarification. 

9.6. CNS Jrmnunolagical Prwiiege Is Not Absolute 

AccumnlaUng evidence challenges the conc^t of the brain as an immu- 
nologically privileged site. A number of stndics have dcmonstraled that the 
tnmmiitslogical prtvllege of the hiain is not ah&ohite, and can be ahrogaUd 
under certain circumstances, soch a» following orthotopic sldn gtafb (I^ceed» 
1983; Freed et al., 1988; Nicholas et al., 1987; Rao et al., 1989), following 
intravenoiM injections of spleen cells (M*wo et aL, 1986; Shinoda ct aL» 
3995), or during trcfttment with ip injections of IFN-7, (Subcamanlan ct aL. 
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1995), Moreover, the imooutiologicai private of the brain cannot ahitfld 
oenral xenografts ftom rejection (Brundin ct al., 19854; Fmscn et at, 19SSa; 
Honey et aL, 1990; Inono et 19^; Nakashima. et aL, 1988; Fakzabau sod 
Isacsoiv 1994; Sakai et aL, 1991; Wood ct al., 1996). As a consequence, 
toetbods to bihibit xwiotcjectioo within die br^m nted to be developed. 

10. IMMUNOSUPFRtSSIVE AGENTS 

iTximunosUppteaaive agents act sy&temically^ thrcii£h various mech- 
anisms, to inhibit the itzunane response. Intrac^^ral neova] xeaogfofts^ 
simiiar to otbex tissue typeA of Tcnografb in peripbeial sltet, ai:c rejected If 
the recipient animals are not inuxnmorapEUessed (BruncGn et aL« 1985a; 
Hnscn et a)., 19883; Honey d al., 1990; Inoue et aL, 1985; leac^on et al.. 
199S; Natehima et al., 19S8; Fakzaban and bacson, 1994; Sabd et aL, 1991; 
Wood et al., 1996: Zhou et al 1993a). This section fbcufie« on imaitmoeup- 
pre&si¥e agents that are applicable to nenial xeaotiansplantatioii, 

CsA was fijr$t tested as Vk Imnmnosizppressive ding in neural xeoo- 
tianaplaiKtadoo in the 1980s (Brandin et al., 19B5*« Fixmi et aL, 1988; Inoue 
et al^ 1985)* aod iA still commonly u^ed hi evaluating human-to-rodeut 
grafts (Kondoh etaL, 1995; Pundtet aJ., 1996). Loag-term, ddly admniistrv 
tion of CaA i3 Jiecessary to prevew rejectioii of neural jcenogndts (Bnindia 
et aL, 1989), bat chronic tieatni^t with CsA is acconxpsnied by 9ida effeet», 
such as hcpatotoxicrty, iiephn9COXidt7t and gingiva] hypccpls^a, wad icndea 
the recipient joore prone to infection. In a recent review of the literMnre, a 
meta-analysis of Several studies revealed that immunosnppoession by CflA 
can oidy increase ^e survival rate of intracerebral xenografts froin 30 
to 74% (Pakzaban et al. 1994). Therefore, altemwive jmiminosiippreGsive 
thcrapie? axe deslrablA. •* 

» $i nnliir* both in mode of acticn m/i side effecta, to CsA (Hoffman 
et al., 1990; Ochiai el al.. 1987). Bodi CsA and FK506 selectively inhibit 
cslcineoiin by binding to the cyioplastnic proteins cycloptulin and FK506- 
binding protein, respectively (Dawson et aL, 1994; SewoU ctaU 1994; Parsooa 
et al., 1994). Calcineurm phosphatase activity is blocked, leAulciiig in the 
inhibition of T-cell activatioi} (Liu ct al., 1991), Jbi pieviowi studies, a short- 
courve treatroent with FK506 was show* to be effective i n provcotine rqec- 
tion of intracerebral neural xenogrsfts (Salcaz et aL, 1991 , 1993). However, 
FK506 is also nephrotoxic (NieLsen et al., 1995). 

Another immunosupprBSsive drug, l5-deo7^ysper^alii7, is capable of 
preventing the rejection of intrastriatal oennil xoznografts (Zhou et al„ 
1993a), although high toxicity prevents its dinical uscl Recently, Dnan et aL 
(1996) showed that a high dose of the corticosteroid, mAthylprediilfiolotie 
(MP), can prevent refection of xeaaogcafts a.^ efficiently as CsA, by reducing 
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T-ctU iDfiltTanan and cytokiiie prpdnctkm in t!ie graft site. In addition. MP 
ifawaregulabes ceB aur^ec fkdtaesion molecule cxpressioDi by reducing cyto- 
idtiff production (Cronstcio et ai, 1992; Sackstein atKl Boienstedii« 1995), 
ifi,snltixig in decrca^ wjEnte Uood ceU suSbcsioa to vascular GCa. McnxTver, 
thatei» evideoce tb^t MP acts as a&ee isdical scayen^^ and can reduce U^d 
petfoxidaflon foUowing spinal caid iitjury CAndcisou et al., 1994; Bran^cc 
and Hall, 1981, 1982: Hall 4tnd Branghter, 1982; S«unden et al» 1987). 

A cornbiiiadon dvsnpy of CaA, the aati-iaflamraatcsy steroid, piedmso- 
lome, 3jid azattnopmie somj be moie efficadons in prolongmg the survival 
of intraccf&bfal nencai xenografts ihan single immwaotfuppt es5i vc diag treat* 
ments. Pedecsen et al. (1995) emplioyed this tripl&Hdmg regimen to pc&vent 
rgection cfb^^^pocanipal xisDOgrafb. This combiDBiionis aUo comraonly need 
clinically in kidney and neural tissue tcanspilacctaticTii, end bM been ahowo to 
be tajJTC effiective tban ttBacmcnt widi CsA akme, enhanctng tbe survival 
rale to 93% (Pedereeu CI aL, 1995). 

The use of spftdfic Abs to Wock the activity or recognition of Iccmiano- 
logical conpcmentft may provide another strategy to prev«at neural xeno- 
graft rejectian. PakzAban ct al. (1995) showed that the u^e of Aba to mask 
donor MHC-I resulted in increased survival of pig-to-rat atriaul xeno- 
grafts. Moreover, adzrdnistmtion of and-II^2 rcc^itor (Honey et al^ 1990) 
ox adti-CD4. and -CDS (Wood « al-* 1996) Abs cart prevent reiection of 
neural xenografts^ 

11, INDUCTION OF TOLERANCE 

Cun«nUy ti«ed immunosuppEessive tbetapies m relatively nonspecific, aod 
imsx be adzzunistered cbromcally. IdeflHy, ^hort-tem indiH^oa of imnniiio- 
suppression would adiieve long-tenn notnespooMvcnesjt to specific xeno- 
Ags, wztbout iznpsdilng tbe respanse to infections agents. To ibis end, moch 
research has concentriited on discovaring ways to induce spectfto liyporc- 
spoosivenesSy or tolerance, across xsoogenetc bander Tbe foJU owing section 
fbcuses on several ptondslDg approaches to toleiance induction jn ^roograil 
transpjantation. 

11.1, induction pfToIertmce in Netnal XmagrafU 

Then az« sevexal Hnes evidence suggestiitg ^ tol^^ 
to intracerebral zieural xenogrBib. When embiyonjc rnousa rstzna (Nankin 
and Lund, 1987; Lund eial^ 1987, 198S;Pbnacdc and Lund, 199Q: Subraxnaman 
et aL, 1995; Young et al., 1989) or ntiocortex (Marion et al., L990) is placed 
in neonatal rat bcahu, the xenagiafts can survive for prolciiged periods, and 
form appropviate cormcctioas with the host brain, Pordier evidencn suggesta 



07/25/2003 14:44 FAX 6123051228 



JaiETING RAASCH GEBHARDT 



I21046 



ImmuTtobiolo^ ofXenotrattspiiintaHan 



521 



t flitB. io addrtitra, MP 
sion by leducing cyto- 
nd Boren^tein, 1995), 
WMdar BCs. Moreover, 
etf, and caxi Tsduoe lipid 
etal., 1994; Emu^ittf 
indersetaL, 1987). 
jboty steroid> pvednisQ- 
colanging the survival 
auppreaaive drug treat- 
rug feeim^ 10 pievem 
, iA abo coaimonjb^ used 
qnd has be«n ^)own to 
snbancisg tlic survival 

^cognition of immimo- 
3 prevent neutftl xmp- 
iMmeof Abs to mask 
ig'to-m stziaUJ xeao- 
or (Honey et«L, 1990) 
m prevcni j^a^ction of 



laUvcJy TSQddpecifiCr and 
1 Induction of iimtnmo* 
eness to specific xeno- 
eiits. To this end, much 
jiduce specific hypoffr- 
3. The following secdatit 
a indoctiou in xenograft; 



tcleiance can be isdmsd 
z mousa letina (Hankin 
Jind, 1990; Sufanmaaiaa 
m et aL, 1990) is placed 
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thattbe acceptaocQ of dcqral xeobgrzfcs by rats might be, at least in part, the 
lesult gf the inductwwi of tolerance, becansc fall immuDocompctCDce u not 
develpped at the ncQnatsd stage when iKeuo^rsits ore tran^lcuckted (Lund et 
al., 1987). The age of recipient rats seems to play a critical rola in the sur- 
vival of xenografts in this particnlar model of stenral transplantaticTiL 'Wben 
retinal xenografts were traQ6planled into the brainB of neonatal rats older 
than S the xcnosrviU w«rc miaify rejected (Lund et al., 1987); all the 
moose neocoitical pafts in the biadns were x^ected by neonatal rats older 
than IS d (MatiDR ct al. 1990). 

The use of mAba against the IL-2raceFiQC {Hooey et aL, 1990), or against 
di£ferentiatian molecnles on T-3ynKphocytBs (Altera et al^ 1991 ; Chen et aL, 
1992, 1993; Hooey ctaL, 1991; Picrson et aL, 1989; Qtn et aL, 1990; Wood 
et aL, 1996) has also be^ demonstrated to vidiice tolerance to xenoeraAa. 
Hooey et aL (1990) ahowedtisat a 10-d trBatmcnt of anti-IL-2 iecep*ar ledto 
iDug-^term siuvival of human fetal doparnuKrgic (DA-ergic) gzafu in rats. 
Wood ctal. (1996) damonstiBted that the 08* of Abs against CD4 and CD8 
resulted in an indefinite snrvival of intracocebial neural xenografta. 

11^. EstabUshment of Mixed Lymphohenustopoietic Odmtrism 

Studies of bone tnarrow transplant recipients have shown that fdetance 
to donor bane maiiow, acid any other donor tissue, can be induced in ±e 
recipient, without completely ablating tbe recipieait' 5 lymphohematopoletic 
system. The motf critical issue for ensming mductlon and maintenance of 
Transplantation tolea^nceia the survival of specific cell types from the donor 
manow innocolTim in the rcdpicnt (Shar^ et aL, \99%), This wort has 
been recently extended to xenotianapiUutfAtioo. Sach^ and Sablinslcf (1995) 
demonstrated that mixed lym^tohematopoietic chimeriam provides an 
e^iscdve means of indndng long-term speaific hyporesponaivenesfi to con- 
cordant xenogeneic ddn grafts in rai-to-mouse tiniiHpiantalion (Shaiabi et 
al, 1990), More recently, a similar procedure wad extended to th« discor- 
dant xenograft combinaiion of plg-4o-cy»omcilgDua monkey, with encour- 
aging prelimlnaiy tesults (Sacha and SablinskL 1995). Although no slmiUr 
study has be^ reported in neural transplantation, tbeae t^lta suggetat that 
bonte marrow chimedsm may percnit loog-iecm acceptance of discordant 
neural xeoognfb in the pig-to-pdmate combination. 

lU. ZlnpKxc Tran^plttntaHan 

Thymic transplanutSon uidnces tolerance via a deletional mechanism. 
Thymic transplantation in fng-to-mouse combinations has been shown to 
induce a atate of tqleraDce to a discordant xenogeneic thymus donor, bu- 
tiaHy, in normal, T- and NK-ccll-depleted* and thytnectondzed mice, renal 
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snbcapsalar grafting of fetal pig tfayinic snid liver tissue reaulted in ^ 
mouse tbymopoiesis and wpopulsudoa of periphcsral CD4* T-ceUs. Later, in 
order to examine traterancc tP pig Ag» in vivo, these mice received skin 
grafts from the paiental line of thymic and Uv«t darwr fetuses. Donor- 
matched p«g skin smvived perawnejaJy in tbese mice, snggestii^ thai tcOer- 
ancc can be induced across a widely dUpande spacivs b«pier iising thymic 
traasplantatlon (Lcc, 1994). In addition to fetal tissue, neonatal pig thymic 
and hematopoietic tissue, ttansplaatcd to nude mice, can also snpport the 
dewlopniait of functiaoal, specifically tolcaant mow T-t*Il» id dcmoc- 
typcpig Aga (Khan et aL, 1997). Thymic transplurtadon thus holds promise 
aa a method of inducing xenogctidc-spedLfic tolearaoco to neut^ gxafts. 

A Itiktbitum of Co^stimulaUan 

Lack of costhnulacioQ may alaa pcomote tolecance. By inhitnting co-sthn- 
ulaiory molecula exprcBsion, or bloddng its activity, tolerance may be 
inducad in xenotrajasplant bc4ta. Co-stinmlatary interactions have been 
recognized as potcmUl *he» of imnnmoauppression and subscqncnt prcvcn- 
tion of xenograft r^ectioa. Nwnennis studS«« involving the inhibitian or 
blockade of co-stinmlatary mokcoles have new been undertaken. The fol- 
lowing section wiH fb™ on studies in xenotrtnsplantatioDL 

Blocking the CD2S-B7 cell co-stimnlatory pathway with flie fnsioo pto- 
tedn, CTLA4-Ig, haS beta cxtcjwively used to inhibit aUoimzmme responses. 
Promising reports of proloi^ged survival of aflogtafts with CTLA4-Ig tieal- 
mcnt CBaltar ct al^ 1995; Russell et al., 1996; Sayegh et aL. 1995) prompted 
xenogeneic studies, in which CIXA4-1fe administratLDn was shown to iruticc 
long-tefm* donoc-spccific tolerance to xenotranfiplants. FarthOTiKHB, sig- 
nificantly prolonged human isliej graft smrvival in mice was induced, in a 
donor-specific manrver, in iracB treated with CrLA4-Ig after transplame^Ofl 
(bid, 14 d) (Lenschow et aL, 1992), Blockade of the CD28-B7 co-stinidB- 
tocy interaction inhibita both humoral and ccB-mediBted imunme zespOH&es, 
resulting ifl xncteascd jrat-to-mouse cardiac xenogEaft survival, and chronic 
administration of CTLA4-Ig and anti-CD4/CD8 mAbs enhanced this effect 
(Rehman et aL, 1996). Simultaneous bloclcada of the CD28 and CD40 parii- 
ways led to prolonged acceptance of both cancordant and dlfcocdani xeno- 
grafts (Elwood et aL, 1998); Abe to B7-1 and )B7-2 increased the survival of 
rat cardiac xenografts fa mice; inhibited development of antidonor Abs; 
reduced deposition of C3, IgM, and IgG on xenograft eildothelitm And 
decraased infihnrtion of activated mamphages, neutrophils, imd lympho- 
cytes (Kano a al». 199 8), Despite the evidence that CTLA4-Ig can bduoe trder- 
SAce, its inecfaaDisni(5) of acdon in vivo is(arc) uzikDown. However, bk^ckade 
of CD28-B7 interaction piovides a new awenuc ft* prcvcatian of xenaEejectk>iL 
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Otber co-sthnu]Ato«y interactions hare also been targeted. Miwa et al. 
(1997) showed that m ICAM-1 and mome mAb administration, 

dudng tnouse-to-rat caidiac xetiottansplaotalioiii, delayed xsDOCcactive Ab 
fonnatioa and xenograft Tefection, and inhibited MLR host d«rtim acdvar 
tioiL AdminiKtratioa of a combination of ami-TCR oip and a&tL-CD2 mAbs 
induced specific xenograft loleraaicc for at least 100 d (Okora et alt 1^97). 
The effiscts of cp-stimulatDry molec^ile hXoclcage in neural xcnotranqplan- 
taiion arc; unknown, hot have significant potential. 

12- GENCTICALLY MODIFIED DONORS 

Perh^ the moat promiahig atea of lesearcfa in ova i Aimin g tfag rgectloa of 
^eenogmlt tissue lies in the generation of knock-^out and tranagetiic anlmab 
aa potBzztial tissue dotKtff, In Jcnodc-out animals, genes diat play a role in 
xenograft rejection can be tfejeted tinough a process of houiologous lecosnbi- 
nation. In transgenic animals, ^enes cam be manipnUted to render the donor 
tlsjsuo mors hmnanrUke in composition. Figs represent a ptomising source 
of geneticaUy modified donor txasoe fofx sev«ral xeasoDa; Tb^ breed ivell 
in captivity, have large litters, and pcesent fiaiw edncal objections by the 
lar^ex community: pordne organs are similar to human organs in both 
size and ef&ciency (Ktrkman, 1989); furthennote, teebMlogy oUows us to 
manipulate die genome of these animals. By genatically modifying donor 
tissue, long-term xenograft survival may he possible widiout incoosive and 
possibly toxic immntiasuppression. Numcroua stndies have made great 
strides in preventing vadoos aspects of xenograft refection ntiTiTing trana- 
gaaue porcjue tissue. 

IZJ. Targeting Hyperacute Xmvgn^ fUjcction 

Althon^ HAR is, for the most: part, avoided is neural xenotnmsplaota* 
tion« it raimaias a major obstacle for wbole-organ transplants. Transgenic 
pig techncdogy has been shown to be exlzvmely powerfal inpcnvenUng the 
immune mechanisms associated with HAR. In an attcEmpt to mitigate HAR, 
transgenic animals, e^icessing hnman complement regnlatory proteins, have 
been dcveJoped. Ttaasgenic pdea e^qiressi^g proicfais such aa DAF (White 
ct aL. 1995; White, 1996; Coed et al., 1997; Stor^: et aL, 1997; Zjddi ct 
al., 1998) and CD59 CKfcdtt^lstcsi^awr, 1995; Diamond ct aL, 1995; Kroshus et 
aU 1996), have been successful to preventing HAJL Hetetotppically trans- 
plMited hearts from PAF and CD59 dooble-tninsgBmc ^gs have survived as 
long as 69 h in baboons (Byrne et aU 1997). Hearts fnan DAF transgenic 
pigs transplanted tnto monkeys have survived to 40 d with imimmosu^ 
pcessioii, exfaohitiDg no signs of icjectioti when cumincd histopelhologically 
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(Sclnnocfcal et al., 199T). Although thest results aw proffldaing, long-tenn 
survival can only ba ichkvcd with iinaiuaosi^pipressiGoEi at cljincally unaccep- 
table doses (Bach, 1997). 

Aiio1h«x straicgy used to prevent HAR involves blocking the expression 
of Galal^SCal epitopes, which mediate x«ioi«acTive OAtural Ab binding 
onto dodor tissue. As gane kiK>c)c-ot2ts hav* net been achieved in the pig. 
However, scvoral successful scrategws have been used tc block eKpt^ssion 
of this epitope in viOx>, and in transgemc mice and pigs. In yitm expccasion 
of al^2pfucoAyltmiiiferase (SandHn et aL 1993) or ccl^-^iaiyitransferasc 
(limemura ct ai., 1998), which compete with al,3galActosyltTaiiafer3sc 
(GALT) for substcate, or N-aoetyl ghicoaaminyl trattgferase HI (TMHOTwra 
et al., 1997), which diminates OALT sdbstratB. markedly lednces Galal,3Ciai 
sorface cTpressicHi. PMicnoore, a transgenic coiobination of a-galBctosi- 
das9, which dieaves toanhial ccGal residues, ajod dl^fticMyttiansftniiae* pro' 
dnced sSTaOar Galal^Gal rcsdnctioQ (Osman et aL, 1997). Tearle ct al. (1996) 
showed a lo65 of Galal|3G^ by iEjaQcking out the QAXT gene in tnlcc^ 

IVtansgeatdc mice cxpreeslng al^^-fncoeyltransfeTase ha^e shown pro- 
longed CT viyo heart survival in a xeajografi model (Chen et at, 1998). Addi- 
tive protectioo from cpmpLeanent-jCOediated injnzy wa9 in tis^e Stom 
a combined GALT knodc-^ and DAF transgenic mouse (van Dendereu 
eta].« 195^). l^uctioti of the aOal epitope has also bra ohsenred tn tra^ 
genie pigs expressing ccl»2-fucoayftians£Bffa5e (KoD;k ct al., 1997). 

A combiiied OALT loiock-ont azkd al,2-{i3cosyhraa5toa9e transgenic 
mouse has raided important qnestioas about the possible uniuafiXlXig of cryp- 
tic Ags (Shinkel, 1997). Each of the above tranage^^c ti^snea is beocfitedby 
decteased GalctI3Gal expression, whkh occurs by modtfying ocGM lesidaes, 
modifying OALT sub&trate so that it cannot be processed to form ocGal, or 
processing snbstrate through other pathways. Each of these methods can 
tesuU in inoreased es^pvessjon of ncnnally soffiresaed oligosaocharidB icsidnc^ 
(ciypctc Ags) vU upregnliUfid alternative paihwayK. It remains to be detet- 
mined whether significanE natural xeno-Ab recognitioo of cryptic x.eno» Ags 
will contribute significantly to xenograjft rejection in die absence or reduc- 
tion of Galfitl^Oal, but these InieractlonB will probably be apccics-specific 

12.2, Targeting Delaytd Xenograft RefecHon 

Vadou* molecnjar biological ^^ipaches are also being used to prevent 
delayed xenogfaft rejection. Cell surface molecules, such as thrombomod- 
ulin and adenosine triphosphate enzyme (ATPda5«), wbich aie lost during 
BC activation, have been targeted as p0f;s1ble sites of intervention (Bach, 
1997, 1998). Attempts to block the upregolation of proiTiflaramatocy genes 
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are also undfsrway . Thw strategies incliido the blocking of nuclear lactor- 
tcB (NF-iffl) by overw^pressing the inhibUory factor Met (Bach, 1998). 
More importflBt id neural 3Cdnotransplai»iatioo is the preventioii of xcno- 
fftjection via MHC molecafc reoognlttcm. A reccm soady has dciUftnatmed that 
the txwplantatioii of VM DA nenrans finora MHC-1 or -H knock-out mice 
into the stziatum Of host rats can enhance neuronal sorvlval in compariaon 
to wild-type donors (DuanctaL, L99S) beyond 6 wk following transplantation- 
la J- Cloned Tisffuefof Neural XenotransphmtatUfn 

Cloned transgenic bovine tissue also r^nesents an inaportant avcnnc for 
the fntnre of neural xcnotranaplantation (Zawada ct al., 199 8)- C loned 
transgenic bovino cmhry o« were generated ufiing nuclear ttansfieT frma. fibfo- 
blaifts intp enucleated oocytes. Imptotatioo of cultnred bUstt)cyB-ts rtsnlted 
in Taable gestations beyond 40 d in 42% of the pcegnandes. DA-ergic cells 
expressing P-galactosidasc were shown to survive in vitto and produce DA 
l^ds Sijoilir to wihMypc cells. VM tissac from clotted cows expressing 
the lacZ gene was transplanted into rats with unilateral 6-OHD A lesioCfl of 
the aigroficrivtal pathway. Transplanted D A-er^ ceUs wcte shown to sur^ 
vivc and impov* motor performance in innmunosupptcsscd ratA. This stody 
demonstrates flu exciting new technology that may provide an unlinnted 
supply of identical, genetically alteied tissue fbc transpUnlation. By cloning 
donor animals, a nnifona cel3 source is possible, providing tbotongh char- 
actedzation and extensive viral screenings 

Moleculai biology has afforded transplantadon a powerful tool to raanip- 
ulflt»dc3iM]rtissnc.By expressing a combinacionbfvarioiis gws to the donor 
tissue, long-term xenograft survival may be possible without innnunosi^ 
presaion. Futrthemjorc, recent advances in clomng roay allow for a uniform 
cell source, prevenring botoc of the risks associated with zoonos^. 

13. CtlNICAL TRIALS 

Although many immimologicaj obstacles lemain, the first diracal triala 
of porcine xenotransplamatioD in PD and HD padents are underway. Fetal 
porcine VM tissue has been transplanted into the striaiam of 12 parkinso- 
nian patients, in an effort to evaltiate the safety and ameliorative eflfects o£ 
porcine tissac. In o»c antopsied patient* graft survival was seen after 7 roo, 
inchidlng the presence of porcine DA-ergic neurons (Deacon et aL. 1997). 
Three of fow transplaniatiofi sites showed sumvjng pig cdla, and axons 
firom pig neurons showed extensive growth within the graft ss well as exten- 
sion into the host braiu. In assessing the immnnological response, only low 
reactivity of maiiers for huix>an microglia and T-cella was scca swronnding 
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the graft Al 12 mo, evalnaiipa of 10 padents showed climcsl iuaprtTvenient, 
with no CQHe^pondinf lujvcsise effccTS (EUias «t al., 1998). Pordnc cells 
isdflied from the fetal striatal lateral gsoiglioiiic cnjinence have also bcea 
trans^antedttoilateially into the striatoa of 12 patioDts with HD (Hillaixe 
« aL, 1998), TTiMc ccUa were well tolerated, bujt clinical imptOYcments 
won) not seen duxing an early posttranaplant period- Graft smvival in these 
HD patients is /et to be demonstrated. 

Togethei, these studies represent the firat clinical aticmpta at neural 
xeixotransplantatioa. Recent advances in nndeistandisE of the xnoleciilar and 
cellular mechiuiiaaia anderlying the immuoe rfssponac td xenotransplMi- 
tadon should facilitate tbe appUcatiofi of this s^jpxoach m the treatment ol 
neurodegenerative diBordexffp 
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